The membrane fouling mechanism used during the nanofiltration (NF) of chitin alkali effluent was investigated. Tests were carried out in three large-scale chitin-processing plants with three kinds of wastewater. An alkali resistant NF membrane with molecular weight cut-off of 250 Da was employed. The reflection coefficient (σ) and diffusion coefficient (P s ) of total proteins were deduced, assuming that the proteins were single entities in the feed. Viscosity and osmosis pressure were measured to evaluate their influences on the permeate flux. Furthermore, the fraction of the protein fouling was extracted and qualitatively analyzed by mass spectrometry. Results showed that the NF permeate flux of alkali wastewater with the highest protein concentration (4.00%) was the lowest, and that σ and penetration P s decreased with protein content growth. Over 60% of the peptides in the permeate were hydrophobic, whereas 70% of the peptides in the adsorption cake were hydrophilic. Irreversible resistance was the predominant resistance during NF processing, and the fouling behaviour of hydrophilic fractions was dominant.
For deproteination processing in chitin production, approximately 4% (w/w) of NaOH is used at about 10-15 times concentration of shrimp discards (w/v 
MATERIALS AND METHODS

Materials and chemicals
The alkali wastewaters coming from different raw materials, Ltd. Specifications of each module are summarized in Table 1 . permeate flux was essentially measured according to
Analysis of effluent
Equation (1):
where J v is permeate flux, V p is permeate volume during the measured time, A m is effect membrane area, and Δt is time of the flow. The sample was taken for calculating total rejection of crude proteins on the basis of Equation (2):
where R is rejection of the protein hydrolysates, and C F and C P are crude proteins concentrations in the feed and in the permeate, respectively.
Based on the Spiegler-Kedem (S-K) formula (Equation (3)), the relationship between permeates fluxes and rejections of crude proteins were simulated by Matlab, which was beneficial for deducing the reflection coefficient (σ) and diffusion coefficient (P s ) of crude proteins according to Equation (3):
where R is real rejections, non-dimensional, J v is permeate flux, σ is the rejection coefficient of the membrane towards a particular solute, and P s is the penetration coefficient of the solute.
Under normal conditions, the S-K formula is applied to analog the NF characteristic parameters of the pure materials.
However, as the total crude proteins and their hydrolysates are the main components in the effluents, it is feasible to assume that the crude proteins are a single component during the study to avoid complicated calculation. (4):
NF concentration of effluent
where L flux is loss of permeate flux, J v · w is permeate flux of DI
water measured with the virgin membrane, and J 0 v · w is permeate flux of DI water measured with the fouled membrane.
Relevant resistance deduced
The pure water flux of the virgin NF membrane was measured (at 30 W C, 17 bar) prior to the NF-concentration of the effluent, and that of the foul membrane was measured when the membrane was flushed to pH 7 with the DI water after the NF concentration of the wastewater. The procedure as stated above aimed to determine the relevant membrane resistances. The membrane inherent resistance could be calculated by Equations (5) and (6). Referring to Equations (7) and (8), the irreversible membrane fouling resistance (R irr ) could be deduced. Afterwards, the total membrane fouling resistance (R f ) could be deduced from Equation (9). Finally, the reversible membrane fouling resistance (R r ) could be acquired according to Equation (10).
where TMP is transmembrane pressure, P p is pressure obtained after the transmitted membrane and usually omitted, P in and P out are pressures procured at the inlet and at the outlet of the membrane, respectively.
where J vÁw and J 
Fraction of protein-hydrolysates adsorbing NFM
The NF system was then cleaned according to the following procedures specified by the manufacture and flushed with an adequate amount of DI water between each step: (1) full recirculation cycle with 1.5% (w/v) NaOH consisting of 0.05% (w/w) EDTA at TMP of 5 bar and 50 W C for 30 min;
(2) full recirculation cycle with 0.5% (v/v) HNO 3 at TMP of 
RESULTS AND DISCUSSION
Physical characteristic analysis of the alkali effluent
The contents of the different compounds in the three alkali wastewaters and their pH and viscosities are listed in Table 2 , implying that crude proteins were the predominant components in the three chitin alkali effluents, which was similar to our previous study (Zhao et al. ) . It was also found that both the viscosity and osmosis pressure of the chitin alkali effluents were proportional to crude protein concentration (Figure 1) . which are much lower than those relevant to the NF of PCAW chitin alkali effluent (Figure 1) , which is mainly because the NF net drive forces of the three chitin alkali effluents decreased in the order of PCAW, CBCAW and ESCAW (as presented in Figure 1 ).
Otherwise, both σ and P s decrease with the crude protein concentrations, as implied in Figure 2 increase with solute concentration (Jarzyńska & Pietruszka ). As a consequence, P s of total proteins decreased with their content's growth.
Permeate flux and resistance flux of the NF of PCAW is higher than that of CBCAW, which is higher than that of the NF of ESCAW, because the total protein concentration in PCAW is much lower than that in ESCAW followed by that in CBCAW. Both osmosis pressure and viscosity of the wastewater are proportional to the crude protein contents in the alkali effluents ( Figure 1 ). As known, osmosis pressure usually lowers the net driven force and permeate flux is reverse proportional to the viscosity of the permeate. Therefore, it is reasonable that the difference among permeate fluxes is relevant to the three effluents. As illustrated in Figure 3(b) , the resistance generated from the filtration cake (R c ) to the total resistance (R f ) ratios (R c /R f ) increases over permeate time during NF. It is also implied that the R c /R f relevant to the NF of CBCAW is the smallest one of the three ratios. Additionally, the loss of DI water permeate flux for CBCAW was the highest among the three alkali effluents ( Figure 4) . Therefore, it could be concluded that the ratio of irreversible resistance in the NF of CBCAW to the total resistance was much larger than those in the NF of PCAW and ESCAW.
Further, the irreversible adsorption and pore blocking also play an important role in the membrane resistance, and the results obtained in a previous work show that the total R irr formed by pore constriction to the total foul resistance R f was up to 14.06% (Zhao et al. ) . 
Analysis of protein fouling
A conclusion was drawn that the irreversible resistance produced from NF of CBCAW is much larger than those generated by the other two effluents. Hence, a mass spectrum (MS) analysis of the fraction of protein-hydrolysates adsorbed on the NFM was introduced to investigate the fouling mechanism underlying NF of CBCAW. 
CONCLUSION
The NF membrane fouling mechanism of chitin processing alkali effluents was studied. Results indicate that σ and P s were reversely proportional to protein concentrations, and the permeate flux of a high protein concentration feed was the lowest. In comparison with permeate flux loss and R c /R f , it could be speculated that severe protein fouling on the membrane surface occurred during NF of CBCAW.
Therefore, complete identification of the peptides was realized by MALDI-TOF-MS. Most of the peptides in the permeate were hydrophobic whereas most peptides in the foulant were hydrophilic, indicating that the fouling behaviour of hydrophilic fractions was dominant. 
